Objective: The present research work was undertaken with the objectives to investigate the prevalence and molecular detection of the causal agents of subclinical mastitis (SCM) in cows at milk shed areas in Sirajganj and Pabna districts, Bangladesh. Materials and methods: A total of 300 milk samples were randomly collected from Baghabari milk shed areas of Sirajganj and Pabna districts. The milk samples were subjected for California Mastitis Test (CMT) for identifying SCM. Total 81 positive samples were then used for the isolation and identification of associated bacteria and fungi using conventional microbiological examination and biochemical tests, followed by confirmation by polymerase chain reaction (PCR) using specific primers. Besides, universal primers were used for amplification and sequencing of PCR products where specific primers were not used. Results: The overall prevalence of SCM was 51% (n=153/300). Based on bacteriological examination and biochemical tests, several bacteria were identified in this study; the orgnaisms included Staphylococcus sp. 
INTRODUCTION
Mastitis is an inflammatory condition of mammary gland characterized by physical, chemical and microbiological changes in milk (Seegers et al., 2003) . However, subclinical mastitis (SCM) reveals no apparent change in the milk but somatic cell number is markedly increased. In dairy farms, SCM contribute up to 70%-80% of the total losses. A number of pathogens (>135) are involved for the onset of mastitis in cattle. The associated pathogens included bacteria, mycoplasma and yeast (Egwu et al., 1994) . The SCM in dairy cows is crucial because it reduces milk yield (Seegers et al., 2003) .
The prevalence of mastitis in cattle is higher in the farms having larger herd size as compared to those in smaller herd sizes (Radostits et al., 2000) . The major etiological agents of SCM included Staphylococci, Streptococci and E. coli (Singh and Baxi, 1982; Rahman et al., 2014 Sub-clinical mastitis is a serious problem in dairy industries because there is no gross changes found in udder or glandular tissues and act as a continuous source of infection to herd mates. Depending upon the climatic condition, animal species and disease management practices, etiological agents may vary place to place and case to case. Thus, the control and prevention of mastitis is a challenge and despite of the continuous efforts, causes severe economic losses to dairy industry. Early detection of mastitis with low cost and rapid screenings in field level, hygienic farm management, biosecurity and awareness building among farmers will be helpful to control the clinical and SCM of dairy cows.
California Mastitis Test (CMT) is widely used for identifying SCM based on the presence of somatic cell number (SCN) in the milk. The present research work was undertaken to investigate the prevalence and molecular identification of causal agents of mastitis of cows in Sirajganj and Pabna districts in Bangladesh.
MATERIALS AND METHODS
Ethical statement: The samples were collected by following the international standard considering animal welfare and ethics.
Selection of study area, duration, and study animal: A total of 60 farmers from 13 villages at Sahjadpur of Sirajgonj and Shathia of Pabna district were selected randomly during July 2016 to June 2017. A structured questionnaire was developed for screening the animals. Number of cows per farm was between 3 and 50. Only apparently healthy crossbred dairy cows were considered for this study.
Sample collection:
In this study, a total of 300 milk samples were collected. Once animal was considered as one sample. Before collection of milk, the teat and tips were washed with clean water, antisepsis was done with a swab soaked with 70% alcohol and then milk samples were collected aseptically from the udder during morning. All the milk samples were collected in vials which were labeled with identification number of cow.
Physical examination of milk sample:
The milk samples just after collection were observed for any abnormalities in consistency, color, and presence of any other clotted blood flakes.
Detection of SCM by CMT tester:
For the detection of SCM, CMT was performed as the instructions of manufacturer (CHEIL BIO Co. Ltd.). In brief, 2 mL milk and 2 mL CMT solution were mixed together in test paddle. Rotate the paddle to mix, and changes in color and gel formation was observed within 10 to 15 Sec.
Isolation of associated bacteria and fungi:
The milk samples of positive results (n=81) in CMT were transferred to Department of Microbiology and Hygiene, BAU for microbiological analyses. Before incubation, the sample was allowed in normal temperature. Then 100 μL of milk sample was inoculated into 10 mL nutrient broth. Then the milk sample containing broth was incubated at 37°C for 24 h. After incubation, one loop of incubated sample was streaked on EMB agar, Mannitol Salt Agar, Salmonella-Shigella agar, and again incubated at 37ºC for 24-48 h. The bacterial isolates were primarily identified through a series of bacteriological and biochemical examinations (Rahman et al., 2014; Chandrasekaran et al., 2014) . The classification and specification of organism was based on the scheme presented in Bergey's Manual of Systemic Bacteriology (Halt et al., 1985) . Fungus was isolated by spreading the sample on Potato dextrose agar, supplemented with broad spectrum antibiotic for prevening the growth of bacteria.
Oligonucleotide primers, PCR and sequencing:
Polymerase Chain Reaction (PCR) was done for final confirmation of the isolated microorganisms. The oligonucleotide primers were purchased from Bioneer, Korea ( Table 1) . The oligonucleotide primers were used for the amplification of specific gene fragments for the confirmatory identification of the isolated bacteria ( The PCR fragements of Proteus sp., Acinetobacter sp. and Strep. uberis were sequenced (Bioneer, Korea) using universal primer set (8F 5'-AGTTGATCCTGGCTCAG-3'; 1492R 5'-ACCTTGTTACGACTT-3') for final confirmation as the specific primers were not used in these cases.
RESULTS AND DISCUSSION
Among the 300 cows, CMT was found to be positive in 51% (n=163/300; trace -13%, weak 11%, distinct 18.67%, strong 8.33%) samples.
Bacteriological examinations and biochemical test followed by PCR confirmation revealed that several bacterial species and fungus were associated with the SCM. The number of samples positive for the SCM cases and the associated bacteria and fungus are illustrated in the Figure 1 and 2. Only one sample was found to be associated with fungus; however, the fungus was unidentified. The E. coli produced metallic sheen on EMB agar. The Salmonella sp. produced black colonies on SS agar. The Staphylococcus sp. grown on mannitol salt agar fermenting mannitol and produced characteristics yellowish colonies, and showed grapes like appearance under microscope after Gram stain. The Acinetobacter sp. produces blue colonies on EMB agar that reveals Gram positive bacteria arranged in pair under microscope; the bacterial genus was confirmed by sequencing. The Proteus sp. produces pink color colonies on SS agar, which was also confirmed by sequencing. Strep. uberis was confirmed by PCR ( Figure 3) followed by sequening of amplified amplicons. However, no other Streptococcus spp. were detected.
In this study, 51% (n=153/300) samples were confirmed as SCM. Kader et al. (2002) reported similar report who described the prevalence as 44.61% SCM in Bangladesh.
On the other hand, higher prevalence (54%) of SCM was recorded in India by Singh and Baxi (1982) . As compared with early lactation, prevalence of SCM was higher in late lactation period, as reported by Radostits et al. (2000) . Prevalence of SCM was higher in high milk yielding animals as compared to low milk yielding animals (Khanal and Pandit, 2013 PCR was applied to detect the presence of shiga-like toxin in six E. coli (stx-1 genes) isolates among eight E. coli strains (Figure 3) . No stx2 gene could be identified in this study. However, stx-1 and stx-2 genes were reported together by Sayed (2016) . Among the E. coli isolated, 4 harvored rfbO157 genes (Figure 3) , indicating the the E. coli were highly pathogenic, as reported by Caine et al. In addition to Staphylococcus, E. coli was identified in this study, which is an environmental opportunistic pathogen. Similar report was also reported by Mahbub-E-Elahi et al. (1996) . Acinetobacter sp. was isolated from mastitis in our study, as supported by Marimuthu et al. (2014) . Similary, Proteus sp. was identified in this study, as described by Olivares-Pérez et al. (2015) . Several fungal species have been isolated from milk by Pachauri et al. (2013) , as we are reporting here.
CONCLUSION
The prevalence of subclinical mastitis indicates that it is a major threat for dairy industry. The overall prevalence of sub-clinical mastitis in the study area is 51%. The associated bacterial species with the cases were Staphylococcus sp., Streptococcus uberis, Escherichia coli, Proteus sp., Salmonella sp., Acinetobacter sp. Early detection and ensuring proper preventive measures are suggested for controlling the sub-clinical mastitis in the study area.
